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Spectrometric Studies of Gas Phase Collision Processes

AFOSR Contract F49620-87-0323

J. B. Fenn, Principal Investigator

Final Report
8/1/87-7/31/88

I. Introduction-Objectives

This report covers results obtained from experiments in our
laboratory over the indicated period. Though it was performed
under the aegis of a new one year contract, the work was in
effect an extension of the research that had been carried out
for the preceding three year period under AFOSR Contract F49620-
85-C-0065. For a summary and review of that research, reference
is made to the final report on that contract which was submitted
on 12/15/87. The original objective of the research reported
here was to document further an anomalous enhancement in the
infrared radiation that had been observed from a free jet of
carbon dioxide that been excited in the source by a corona
discharge. We achieved that objective and in addition obtained
some information on rotational relaxation in mixtures of carbon
dioxide and carbon monoxide.

II. Achievements and Results

(1) Superradiance. In some earlier studies we had charact-
erized the terminal rotational state of gas that had undergone
supersonic free jet expansion from a small nozzle into vacuum. O
Our diagnostic method was based on analysis of the radiation from

this terminal gas by Fourier Transform Infrared Spectrometry
(FTIS). Because their radiation is at wavelengths for which IR
detectors are most sensitive we used carbon monoxide and carbon
dioxide in the jet gas. The vibrational excitation necessary for
radiation was achieved in those early experiments simply by
raising the temperature of the source gas. A noteworthy finding
was that rotational energy in this terminal state showed marked
departures from a Boltzmann distribution. Moreover, the extent c °
of these departures increased as the terminal jet temperature
decreased. In order to determine whether this trend would
continue with further decreases in terminal jet temperature we
tried using a corona dis.X,. ge to excite vibration in the source
gas without putting much energy into the rotational and transla-
tional modes. We found that the departures from a Boltzmann
distribution continued to increase until condensation set in.

A much more interesting finding was the focus of the present
study. When the source gas pressure was increased, or its

Approved for publ tc release;
distribution unlimitec



temperature decreased, there was a sudden and marked enhancement
of intensity from the asymmetric stretch mode in carbon dioxide
when the source temperature and pressure reached values at which
condensation would be expected to occur during the expansion.
The enhancement amounts to as much as a five-fold increase in the
radiation per molecule, i.e. a fivefold decrease in radiation
lifetime. Similar results with carbon monoxide have now been
obtained. We first thought that the enhancement might be
due to stimulated emission made possible by a population inver-
sion resulting from depopulation of the lower state by condensa-
tion. However, by comparing radiation intensity with and without
a mirror behind the jet we have been able to disqualify that
explanation. The most likely explanation now seems to be that
when an excited molecule tries to form a dimer with another
molecule there is an alignment of the dipoles that enhances the
radiation probability by a mechanism akin to that recently
analyzed by Liver et al. (1) A note on this work is about done
and will be submitted to Chemical Physics Letters. A more
complete paper will be prepared for submission to the Journal of
Chemical Physics or the Journal of Physical Chemistry after we
complete some measurements now in progress.

(2) Rotational Relaxation. In developing the microjet
burner, which was described in the final report for the preceding
grant referenced in the Introduction, we found that the CO in the
combustion products had a substantially lower rotational tempera-
ture than did the C02. (2) It was important to determine whether
this difference reflected a similar difference due to non-equil-
ibrium in the source gas (e.g. because the CO was a "hot"
intermediate) or whether it was due simply to a slower relaxation
of rate for CO during the free jet expansion. Consequently, we
carried out an extended study of terminal rotational energy
distributions for CO and C02, alone and in admixture with each
other and/or argon. Vibrational excitation to provide emission
spectra was achieved both by raising the temperature of the
source gas and by means of a corona discharge. In every case the
terminal rotational "temperature" of CO was substantially
higher. Moreover, there was no evidence of any coupling between
the rotational modes of the two gases when they were both present
in a mixture. We thus conclude that the results with the burner
were not indicative of any difference in the source gas before it
expanded in the free jet. The results were presented at the 16th
Symposium on Rarefied Gas Dynamics in Pasadena, July 1988, and
will be included in proceedings. A preprint copy accompanies
this report.
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